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Abstract

Background: Older adults are at a higher risk from COVID-19. Individual preventive behaviors including frequent
hand washing, mask wearing, and social distancing play important roles in reducing the transmission of COVID-19 in
the community. This study aimed to identify the determinants of three preventive behaviors of older adults during the
COVID-19 pandemic by using an Integrated Social Cognition Model.

Methods: Using a prospective study design, 516 Chinese older adults from Hubei province of China (mean age =
67.55 years, SD = 6.60, 57.9% females) completed two online questionnaire surveys. The demographics, social cogni-
tion constructs (motivational self-efficacy, risk perception, attitude, subjective norm, health knowledge, intention,
volitional self-efficacy, planning, action control) and three preventive behaviors were measured during the first-wave
online survey from 18 May 2020 to 7 June 2020. One month later, three preventive behaviors were measured again
during the second-wave online survey. Data were analyzed by structural equation modelling.

Results: Models showed attitude, motivational self-efficacy and subjective norm were consistent predictors of inten-
tion, motivational self-efficacy was a consistent predictor of volitional self-efficacy, planning and volitional self-efficacy
were consistent predictors of action control, and health knowledge was a consistent predictor of behaviors across all
three preventive behaviors. In addition, mediating relationships were found in the model of hand washing behavior.
In particular, planning (3 = .109, p = .042) and action control (3 = .056, p = .047) mediated between volitional self-
efficacy and hand washing respectively. Action control also mediated between planning and hand washing (3 = .087,
p = .044). Moreover, the inclusion of past behaviors in three models attenuated most of the structural relations.

Conclusions: The current study’s findings basically supported the Integrated Social Cognition Model and identified
key modifiable determinants of preventive behaviors. Based on this model, future interventions aiming to promote
COVID-19 preventive behaviors among older adults are warranted.
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Background

The novel coronavirus disease 2019 (COVID-19) pan-
demic has become a truly global public health crisis since
December 2019. As a vulnerable population group, older
adults have suffered the most, accounting for nearly 75%
of the COVID-19 relevant mortality globally [1, 2]. It has
been advocated by many health authorities that the trans-
mission of COVID-19 can be reduced by performing
individual preventive behaviors including hand washing
(HW), mask wearing (MW) and social distancing (SoD)
[3, 4]. A recent policymaker’s guide also emphasized the
effectiveness of compliance with the “3W’s” (Wash your
hands, Wear a mask and Watch your distance/keep social
distancing) during the COVID-19 prevention campaign
[5]. In addition, public health organizations have been
striving to develop behavioral interventions to promote
these three preventive behaviors among the general pop-
ulation [6]. Given the above, identifying determinants of
preventive behaviors that are potentially modifiable by
interventions is an efficacious approach to promote the
enactment of such behaviors.

Studies investigating preventive behaviors and their
determinants in the general population have developed
during the COVID-19 pandemic [7-9]. However, most
of the studies targeted only one or two preventive behav-
iors and limited studies have addressed all three preven-
tive behaviors simultaneously. This research area is even
more limited among older adults [7-11]. To fill this evi-
dence gap, the current study applied an integrated social
cognition model to identify the determinants of HW,
MW and SoD, and the processes involved, among Chi-
nese older adults during the COVID-19 pandemic. The
present study is expected to provide evidence of poten-
tially modifiable variables for behavior change interven-
tions aimed at promoting preventive behaviors among
older adults. Such interventions may contribute to the
alleviation of the infection rates in older adults during the
COVID-19 pandemic, and further assist in preventing
potential communicable disease pandemics in the future.

Determinants of preventive behaviors: an integrated social
cognition model

It has been a long tradition to apply social cognition
approach to examine the determinants of health behav-
iors. As a classical social cognition theory, the TPB dem-
onstrates that intention is the most proximal predictor of
behavior [12]. Intention is a function of three constructs
including attitude (positive or negative evaluations

towards the consequences of performing the intended
behavior), subjective norm (perceived expectations of
significant others approving the intended behavior), and
perceived behavioral control (PBC; beliefs in capability
to perform the intended behavior) [12]. Intention is pro-
posed to mediate the effects of attitude, subjective norm,
and PBC on behavior. Previous research has found sup-
port for the TPB constructs in predicting the intentions
and behaviors including hand hygiene [13, 14] and face
mask wearing [15] across diverse populations.

Although the TPB constructs are parsimonious and
appealing, there are still some limitations, such as incon-
sistent explanation, power of attitude, subjective norm,
PBC on the intention [16], and the modest effect size of
intention on behavior (implying the intention-behavior
gap) [17]. Researchers have therefore suggested introduc-
ing additional factors from other theories to the TPB to
predict intention and behavior more effectively focusing
on the intention behavior gap [18]. For example, health
knowledge (the knowledge about a disease’s causes and
consequences and its prevention) had been added to
the prediction model regarding intention of oral health
behavior [19]. Moreover, health knowledge can directly
predict hand washing behaviors among diverse popula-
tions [20, 21] as well as mask wearing and social distanc-
ing among older adults during the COVID-19 pandemic
[22-24]. Additionally, recent studies applying the Health
Action Process Approach (HAPA) [25] to the preven-
tive behaviors suggested that motivational self-efficacy
(Motivational SE; the beliefs about the ability to start
the behavior) can significantly predict the intention of
mask wearing and the intention of hand washing [26].
Risk perception (e.g., perceived susceptibility and sever-
ity of certain health threat), as one social cognitive fac-
tor of HAPA, was an important predictor of the intention
toward social distancing [27] and the intention toward all
preventive behaviors [28]. To optimize the explanation
power of TPB constructs on the intention and behaviors,
we therefore included health knowledge, Motivational SE
and risk perception as additional predictors of intention.
Meanwhile, health knowledge was added to the TPB as a
predictor of behaviors.

To resolve the limitation of the intention-behavior gap
existing in the TPB and the extended TPB, the HAPA
proposes that individuals need to augment their inten-
tions with a range of self-regulatory strategies in order to
enact behavior. For example, the self-regulatory strategy
of planning is part of the process of intention enactment.
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Intentions are more likely to be translated into action
when people plan when, where, and how they will per-
form the intended behavior (action planning) and how
to overcome barriers to its achievement (coping plan-
ning) [25]. Planning mediates the relationship between
intention and behavior, as shown in previous studies [29,
30]. While planning is a prospective strategy, suggesting
behavioral plans are made before the situation is encoun-
tered, action control is a concurrent self-regulatory strat-
egy, where the ongoing behavior is constantly evaluated.
Action control is a three-facet construct comprising: self-
monitoring, awareness of standards and self-regulatory
effort [31]. Previous evidence has shown that action con-
trol can mediate between intention and facemask wear-
ing [26].

HAPA also proposes self-efficacy beliefs as important
self-regulatory strategies and are phase-specific, thus
several types of self-efficacy can be distinguished [25].
Motivational SE is contributory to intention formation
during the pre-intentional phase. Volitional self-efficacy
(Volitional SE), on the other hand, is a group of optimis-
tic beliefs during the post-intentional phase, including
maintenance self-efficacy (beliefs about the ability to per-
severe the behavior in the face of obstacles) and recov-
ery self-efficacy (beliefs about the ability to re-start the
new behavior after the disengagement) [25]. Volitional SE
can mediate the effect of Motivational SE on hand wash-
ing behavior, as shown in many studies [32, 33]. In addi-
tion, according to the HAPA, there are certain mediation
relationships among Volitional SE, planning and action
control when they predict behaviors [25]. For example,
planning and action control can mediate the effects of
Volitional SE on health behaviors respectively [34, 35],
and action control can mediate the effects of planning on
health behavior [36].

Although the TPB and the HAPA emphasize the
importance of social cognition process of health behav-
iors, research applying those theories has shown that past
behavior remains a pervasive determinant of behavior
alongside the theory constructs [10, 14]. The inclusion of
past behavior as an independent behavioral determinant
in a social cognition theory is significant as it provides
a test of its sufficiency in explaining unique variance in
behavior.

The present study and hypotheses

The present study aimed to identify the determinants
of participation in three preventive behaviors (HW,
MW and SoD) among Chinese older adults during the
COVID-19 pandemic using an Integrated Social Cog-
nition Model. This model incorporated the TPB con-
structs (attitude, subjective norm, PBC and intention),
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health knowledge and the HAPA constructs (risk per-
ception, Motivational SE, intention, Volitional SE,
planning and action control). In some research, Moti-
vational SE in the HAPA model was regarded as a
synonymous construct with PBC in TPB theory [37].
Therefore, to keep the parsimony of the integrated
model, we merged the PBC in the TPB to the Moti-
vational SE in the HAPA. As a result, the integrated
model consisted of 9 social cognitive constructs of
behavior (attitude, subjective norm, motivational SE,
risk perception, health knowledge, intention, volitional
SE, planning and action control). The above approach
rides on the cusp of recent research applying integrated
theoretical models [10]. We examined predictions of
the integrated model in a two-wave prospective survey.

In total, 16 direct paths were hypothesized in the
Integrated Social Cognition Model for each preventive
behavior (see Fig. 1). During the pre-intentional phase,
it was expected that risk perception, attitude, subjec-
tive norm, Motivational SE, and health knowledge
(Time 1) would predict intention (Time 1); intentions
and health knowledge (Time 1) would predict behavior
(Time 2); and Motivational SE (Time 1) would predict
Volitional SE (Time 1). After the intention had been
formed, it was expected that intention (Time 1) would
predict planning and action control (Time 1); Volitional
SE (Time 1) would predict planning, action control
(Time 1) and behavior (Time 2); planning would predict
action control (Time 1); and planning and action con-
trol (T1) would predict behavior (Time 2) (Hypothesis
1).

In total 11 indirect mediating relationships in the
Integrated Social Cognition Model for each preven-
tive behavior were hypothesized. It was expected that
intention would mediate effects of Motivational SE,
risk perception, attitude, subjective norm and health
knowledge (Time 1) on behavior (Time 2) respectively.
Volitional SE (Time 1) would mediate effects of Motiva-
tional SE (Time 1) on behavior (Time 2), planning and
action control (Time 1) would mediate effects of inten-
tion (Time 1) on behavior (Time 2) respectively. It was
also expected that planning and action control (Time
1) would mediate effects of Volitional SE on behav-
ior (Time 2) respectively, and action control (Time 1)
would mediate effects of planning (Time 1) on behavior
(Time 2) (Hypothesis 2).

We further examined the model including past
behavior (Time 1) as a direct predictor of all social cog-
nition constructs and behavior. It was expected that
significant effects of past behavior on all constructs in
the model would occur, which attenuates the strength
of relationships between social cognition constructs
and behaviors (Hypothesis 3).
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Fig. 1 The hypothesized Integrated Social Cognition Model based on knowledge, Theory of Planned Behavior (TPB) and Health Action Process
Approach (HAPA) in predicting COVID-19 preventive behaviors among older adults. Note. All hypothesized relationships are positive in direction
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Methods

Study design and participants

This study adopted a prospective design comprising a
two-wave online survey. With a snowball sampling strat-
egy, the first-wave survey was conducted from 18 May
2020 to 7 June 2020, which is around one to two months
after the lockdown was withdrawn in the Hubei province
of China. The second-wave survey was launched at one-
month follow-up. We recruited 667 Chinese older adults
(56.7% female) from five cities in Hubei, China, includ-
ing Wuhan, Xiaogan, Jingzhou, Shiyan, and Xiangyang to
complete the first-wave survey. All recruited participants
were community-dwelling older adults (> 60 years) and
met the eligibility criteria: 1) had not been infected with
COVID-19; 2) do not have any cognitive disorders; 3)
have access to a mobile phone or laptop; and 4) are profi-
cient in reading or listening in Chinese. For those partici-
pants who had difficulty in using a mobile phone, their
family members or friends were invited to assist them to
complete the survey. Baseline sample characteristics were
presented in the baseline section of Table 1.

Procedures
The survey was constructed and administered using
an online survey platform in China, namely SOJUMP

(Changsha Ranxing Information Technology Co., Ltd.,
China). All recruitment posters and the hyperlink for
the survey were disseminated via a mobile Short Mes-
sage Service (SMS) and popular social media platforms in
China (e.g., WeChat, Weibo, and QQ). Three approaches
were used for recruiting participants: 1) Relying on the
researchers’ personal social networks in five cities of
Hubei province, the eligible family members, friends and
relatives of the researchers were invited. The participants
then encouraged their friends to attend the survey; 2)
Researchers contacted the directors of community neigh-
borhood committees in Wuhan and Xiaogan, respectively
and sought their collaboration and support. Upon receiv-
ing the agreement of directors, researchers were permit-
ted to enter into their community neighborhood WeChat
groups to recruit eligible participants; 3) Researchers
contacted officials who were in charge of the retirement
in two universities in Wuhan of Hubei Province. With
the support of officials, a recruitment poster and survey
hyperlink were delivered to their internal WeChat group,
especially for retirement colleagues.

To boost the engagement of participation, each par-
ticipant who completed two-wave surveys was offered
50 RMB incentive by electronic transfer via WeChat or
Alipay or by prepaid telephone recharge. All participants
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Table 1 Sample characteristics and descriptive statistics for
study variables at baseline and 1-month follow-up

Variable Baseline Follow-up
Number 667 516

Age

Range (years old) 60-89 60-89
Mean (SD) 67.43 (6.52) 67.55 (6.60)
Gender, n (%)

Male 289 (43.3) 217 (42.0)
Female 378 (56.7) 299 (57.9)
Marital status, n (%)

Single 11 (1.6) 14 (2.7)
Married 571 (85.7) 432 (83.7)
Divorced or widowed 85(12.7) 70 (13.6)
Living situation, n (%)

Alone 58 (8.7) 48 (9.3)
With spouse/partners/ Children 609 (91.3) 468 (90.7)
Education level, n (%)

Primary school or below 68(10.2) 45 (8.7)
Middle or high school 301 (45.1) 231 (44.8)
College or above 298 (44.6) 240 (46.5)
Professional status, n (%)

Unemployed without pension 44 (6.6) 22(43)
Pensioner or retired 596 (89.4) 478 (92.6)
Part-time or full-time employment 27 (4.0 16 (3.1)
Economic situation, n (%)

Below average 153 (22.9) 113 (21.9)
Average 380 (57.0) 299 (57.9)
Above average 134 (20.1) 104 (20.2)
Chronic disease situation, n (%)

Yes 330 (49.5) 262 (50.8)
No 337 (50.5) 254 (49.2)
Subjective health status, n (%)

Bad 59 (8.8) 48 (9.3)
Satisfactory 263 (394) 196 (38.0)
Excellent 345 (51.7) 272 (52.7)
Infected cases of acquaintances, n (%)

Yes 59(8.8) 50(9.7)
No 608 (91.2) 466 (90.3)
BMI (kg/m?), mean (SD) 23.10 (2.66) 23.06 (2.67)
<185,n (%) 23 (34) 19 (3.7)
18.5 < BMI < 23,n (%) 292 (43.8) 228 (44.2)
23 < BMI < 26,n (%) 271 (40.6) 206 (39.9)
> 26,n (%) 81(12.1) 63(12.2)

Note: SD Standard Deviation

were asked to sign an informed consent form on the first
page of the survey platform before completing the ques-
tionnaires. Ethical approval for the study was obtained
from the Research Ethics Committee of Hong Kong Bap-
tist University (REC/19-20/0490).

Measurement
The demographic characteristics included age, gen-
der, marital status, living situation, education level,
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professional status, economic situation, chronic disease
situation. Participants were also invited to report their
self-evaluated health status, infected cases of acquaint-
ances, body height (cm) and body weight (kg).

Behavioral variables (hand washing, mask wearing,
and social distancing) [38] and social-cognitive variables
including risk perception [39], health knowledge [40],
attitude [41], subjective norm [15], intention [42, 43],
motivational self-efficacy [42, 43], volitional self-efficacy
[42, 43], planning [42, 43], and action control [14] were
measured by questionnaires. The details of the measure-
ment tools are outlined in Table 2.

The demographic information and social cognition
constructs of three preventive behaviors were measured
at Time 1. The three preventive behaviors were measured
at both Time 1 and Time 2. Each participant took 20-30
minutes to complete the first-wave online survey and
5-10 minutes to complete the second-wave online survey.

Statistical analysis
Data was analyzed using SPSS 25.0. Missing data were
imputed using EM algorithm multiple imputation analy-
sis [44]. Kurtosis and skewness tests were used for data
normality checks. Variables were considered non-nor-
mally distributed if they exceeded a kurtosis value larger
than 7 or smaller than -7 and/or a skew value larger
than 2 or smaller than -2 [45]. Descriptive statistics
(frequency, percentage) of demographic variables were
demonstrated. Independent sample T-tests were used to
examine differences in demographics, social cognition
constructs, and preventive behaviors between completers
with two-wave data and drop-out sample with first
wave data. Means, SD and internal consistency reliabil-
ity (Cronbach’s a) of social cognition constructs as well
as correlations among social cognition constructs and
behavioral variables in the path analyses were examined
using the Pearson test (two-tail, .05 as significance level).
Structural equation modelling (SEM) was used to test
hypothesized integrated model for three preventive
behaviors respectively. Fit indices, such as chi-square
(x%), the Comparative Fit Index (CFI), the Tucker-Lewis
Index (TLI), the Standardized Root Mean Square Resid-
ual (SRMR) index, and the Root Mean Square Error of
Approximation (RMSEA) index, were used to deter-
mine the hypothesized model’s fit. A non-significant x 2
value (p > .05) is indicative of a path model that fits the
data well [46]. Values of CFI and TLI range from O to 1,
with higher values indicating better model fit (>.90 indi-
cated acceptable model fit, >.95 indicated good model
fit). Smaller values of SRMR and RMSEA indicate more
desirable models, with .08 or less indicating acceptable
model fit and .05 or less suggesting good model fit. For
all direct and indirect paths in the SEM, standardized
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Table 2 Overview of the measurement tools regarding behavioral and social cognitive variables

Name of Variable Origin

Detailed Information

Behavioral Variables
Hand Washing Liang et al, 2021 [38]

Mask Wearing Liang et al,, 2021 [38]

Social Distancing Liang et al,, 2021 [38]

Social Cognitive Variables

Risk Perception Duan etal, 2017 [39]

Health Knowledge Li & Liu, 2020 [40]

Attitude Rosen et al., 2009 [41]

Subjective Norm Chungetal, 2018

Intention Duan et al, 2018; Liang et al, 2019

Motivational Self-efficacy Duan et al, 2018; Liang et al,, 2019 [39, 38]

Volitional Self-efficacy Duan et al, 2018; Liang et al, 2019 [39, 38]

Planning Duanetal, 2018; Liang et al,, 2019 [39, 38]

2 items; 4-point Likert scale from (1) never to (4) always; “During the previous
week, how frequently did you wash your hands with soap and water or alcohol-
based hand rub (for at least 20 seconds, all surfaces of the hands) ... * followed
by two kinds of situations, i.e,, “in the daily life situations (e.g., before preparing
food; before eating; after defecation)” or “in disease-related situations (e.g, after
blowing nose, coughing, or sneezing; before and after caring for the sick)”

2 items; 4-point Likert scale from (1) never to (4) always; “During the previous
week, | have usually worn a face mask properly ... "followed by two different
situations relevant to older adults, i.e, “when visiting public places’, and “caring
for a person with suspected COVID-19 infection”

2 items; 4-point Likert scale from (1) never to (4) always; “a) stayed out of
crowded places or mass gatherings when going outside of my home, and
b) kept space (at least 1 meter) between myself and other people who were
coughing or sneezing!

2 items; VAS ranging from 0 = lowest to 100 = highest; "How likely do you
believe it is for you to become infected with COVID-19 if you do not wash hands
frequently/wear face mask /keep a secure social distancing?’, and “Compared to
an average person of your age and gender, what is your risk of COVID-19 infec-
tion from lack of frequent hand washing/face mask wearing/social distancing?”

(At the beginning, clear instructions of the WHO recommendations for each of
the three preventive behaviors were provided, e.g. "According to the WHO rec-
ommendations, the proper mask use consists of the following aspects, namely,
when and how to wear face masks: 1) if you are taking care of a person with
suspected 2019-nCoV infection; 2) if you are coughing or sneezing ... ")

1 item; 4-point Likert scale from (1) do not know to (4) know all;"Have you
known how and in what situations to wash hands/ wear face mask/ keep a
secure social distancing in accordance with the WHO recommendations?”

4 items; VAS ranging from 0 = lowest to 100 = highest; a common stem on
three preventive behaviors “For me to wash hands frequently/wear face mask/
keep a secure social distancing during the outbreak of COVID-19 would be ... "
followed by 4 bipolar sliders: harmful-beneficial, troubling-reassuring, unpleas-
ant-pleasant, and optional-necessary.

2 items; VAS ranging from 0 = lowest to 100 = highest; "“Most people who are
important to me (e.g., my family members, friends, doctors) think that | should
wash hands frequently/wear face mask/keep a secure social distancing during
the outbreak of COVID-19", and “Most people who are important to me wash
hand frequently/wear face mask/keep a secure social distancing during the
outbreak of COVID-19"

2 items; VAS ranging from 0 = lowest to 100 = highest; Sample items were
“Today and in the near future, | intend to properly wash my hands in daily life
situations/wear a face mask when | visit public places/stay out of crowded
places or mass gatherings.

2 items; VAS ranging from 0 = lowest to 100 = highest; | feel certain that | can
begin to wash my hands/wear my mask/keep social distance frequently even if
it is time-consuming’, I feel certain that | can begin to wash my hands/wear my

mask/keep social distance even if it may cause inconvenience to my life”

2 items; VAS ranging from 0 = lowest to 100 = highest;“l feel certain that | can
maintain washing my hands frequently/wearing face mask/keeping a secure
social distancing even if it takes much time for that to be part of my daily
routine” | feel certain that | can restart to wash my hands frequently/wear face
mask/keep a secure social distancing even if | forgot to do it a few times”

2 items; VAS ranging from 0 = lowest to 100 = highest; ‘| have already made a
concrete action plan regarding when, where and how to wash hand /wear face
mask/keep social distancing”’l have made a coping plan to maintain frequent
hand washing/mask wearing/social distancing if | am confronted with some
barriers”
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Table 2 (continued)
Name of Variable Origin Detailed Information

Action Control Zhang et al, 2020 [14]

3 items; VAS ranging from 0 = lowest to 100 = highest; “l consistently moni-

tor how and in what situations | wash my hands/wear my mask/keep social
distance’,”l continuously make sure that | wash my hands/wear my mask/keep
social distance properly’, and“l really try hard to wash my hands/wear my mask/
keep social distance in necessary situations”

coefficients () with 95% confidence intervals (CI) were
calculated using maximum likelihood estimation and all
significance levels were set as .05. In this study, we did
not adjust for alpha-error inflation due to two considera-
tions: 1) the current study was theory-driven rather than
purely data-driven. It was suggested that multiplicity
and Type-I error rate inflation are not a concern if only
specific, prior hypotheses (i.e., these hypotheses are pre-
cise predictions of results and are based on well-devel-
oped theories) were examined [47]; 2) using adjusted
approaches (e.g., Bonferroni) to control for the alpha-
error inflation would magnify the Type-II error and
decrease the statistical power [48, 49]. As a result, this
might increase the difficulties in accurately detecting the
mediating effects in a complex model. We, therefore, fol-
lowed the common practice applied in previous studies
that reporting the unadjusted significance level but also
presenting the standard effect size as supplement [10, 14,
50]. The standard effect sizes (Cohen’s f) of model pre-
diction for each behavior were calculated using the for-
mula “f = R%*/(1-R?)’, with .02, .15, and .35 indicating a
small, medium and large effect, respectively [51]. All the
tests were implemented in Mplus 8 with the exemplary
syntax attached in Appendix A.

Results

Sample characteristics

Attrition across the two data collection occasions resulted
in final sample sizes of 516 participants (Mean age =
67.55 years, SD = 6.60; age range: 60- 89 years; 57.9%
female; retention rate = 77.36%). Sample characteris-
tics at follow-up are presented in the follow-up section
of Table 1. Most participants were married (83.7%) and
lived with their spouses, partners, or children (90.7%).
Only a small percentage of participants were at primary
school or below education levels (8.7%), most partici-
pants were pensioners/retired (92.6%), and more than
half of the sample indicated an average level in relation
to individually determined economic situation (57.9%).
In addition, around half of the participants (50.8%) had
suffered from chronic diseases (e.g., heart diseases, dia-
betes, or cancer), more than half of participants (52.7%)
perceived their health status as excellent (52.7%), and
only 9.7% participants reported that their family mem-
bers, friends, or neighbors had been infected. Regarding

BMI, more than half of sample were overweight or obese
(52.1%). Attrition analyses revealed no significant differ-
ences in demographics between completers with two-
wave data and dropouts without 2" wave data. However,
the attrition t-tests showed that dropouts scored signifi-
cantly lower in hand washing Volitional SE (t = 2.34, p
= .020) and hand washing planning (t = 2.11, p = .036)
than those of completers. For the rest of social cognitive
variables of behaviors and three preventive behaviors, no
significant differences were found.

Findings of preliminary analyses

The means, standard deviation, internal consistency reli-
ability (Cronbach’s a) and zero-order correlation matrices
of the integrated model for three preventive behaviors
are shown in Table 3. The integrated model-included
variables were all significantly correlated with small-to-
large effect sizes [52] except the relationship between
the mask wearing behavior and the risk perception of the
mask wearing (r = .067, p > .05). Particularly, the range of
significant correlation coefficients was from .178 to .818
for hand washing, from .116 to .901 for mask wearing and
from .170 to .896 for social distancing respectively.

Findings of SEM

According to the model fit and quality indices, the over-
all fit indices of the proposed models regarding all three
preventive behaviors (both including and excluding past
behaviors) are acceptable (see Table 4 for details).

For hand washing, standardized parameter estimates
for the hypothesized structural relations of the inte-
grated model excluding past behavior are presented in
Fig. 2. The social cognition constructs explained 14.8%
variance of hand washing with a medium effect size (R?
= .148, f# = .174). For the direct effects, significant rela-
tionships appeared in 13 out of 16 hypothesized asso-
ciations (Motivational SE to intention, p = .388, p <
.001; attitude to intention, = .165, p < .001; subjective
norm to intention, p = .398, p < .001; health knowledge
to intention, B = .063, p = .004; Motivational SE to Voli-
tional SE, B = .949, p < .001; intention to planning, p =
.218, p = .003; Volitional SE to planning, f = .676, p <
.001; intention to action control, p = .222, p < .001; plan-
ning to action control, p = .466, p < .001; Volitional SE
to action control, = .301, p < .001; health knowledge to
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Table 3 Means, standard deviations (SDs), reliabilities (Cronbach a), and zero-order correlation matrices of the integrated models for

three preventive behaviors

Panel 1: For hand washing behavior

Variables Mean SD 1 2

1. Motivational self-efficacy T1 93.46 15.81 86

2. Risk perception T1 7634 2436 3507 84

3. Attitude T1 9273 1690 607" 395"
4. Subjective norm T1 9553 1300 7477 390"
5. Health knowledge T1 3.03 074 280" 2217
6. Intention T1 9548 1317 802" 381"
7.Volitional self-efficacy T1 9563 1643 3797 178"
8.Planning T1 9067 1801 364 240"
9. Action control T1 9217 1681 3577 198"
10. Hand washing behavior T1 3.52 055 324" 295"
11. Hand washing behavior T2 3.53 054 2387 2017
Panel 2: For mask wearing behavior

Variables Mean SD 1 2

1. Motivational self-efficacy T1 95.83 1320 98

2. Risk perception T1 8303 2192 460" 92

3. Attitude T1 9339 1601 755 425"
4. Subjective norm T1 9695 1224 855" 4107
5. Health knowledge T1 3.09 070 3387 116"
6. Intention T1 9553 1395 861" 434"
7.Volitional self-efficacy T1 9473 1456 879" 442"
8.Planning T1 9376 1555 862" 4327
9. Action control T1 9482 1425 882" 420"
10. Mask wearing behavior T1 3.78 041 3717 2357
11. Mask wearing behavior T2 372 0.51 199" 067
Panel 3: For social distancing behavior

Variables Mean SD 1 2

1. Motivational self-efficacy T1 9444 1523 97

2. Risk perception T1 8259 2318 4897 94

3. Attitude T1 9400 1649 748" 441"
4. Subjective norm T1 9523 1442 815 464"
5. Health knowledge T1 2.95 074 306" 1477
6. Intention T1 9453 1526 860 471"
7.Volitional self-efficacy T1 09356 1624 896 4917
8.Planning T1 9376 1555 800" 441"
9. Action control T1 9386 1627 890" 488"
10. Social distancing behavior T1~ 3.69 046 303" 213"
11. Social distancing behavior T2~ 361 047 3427 707

3 4 5 6 7 8 9 10 1
93

674" 87

2557 390"/

6867 8147 3197 93

2187 219" 2377 3517 89

2167 198" 2227 349" 7387 87

2547 1937 2287 3967 7487 8187 91

2757 254" 393" 324 241" 334" 3167 77
1897 85T 3117 2447 3717 3497 3377 3327 77
3 4 5 6 7 8 9 10 11
89

671" 91

2697 2507/

7217 795" 283" 84

667" 8247 3027 807" 89

7287 7227 3487 8397 7747 90

724" 773" 3317 875t 8257 901" 94

2857 2587 3387 318" 3237 3337 3747 83
1607 61 2357 2117 e 222" 2257 322" 83
3 4 5 6 7 8 9 10 1
91

6727 91

288" 2967/

7257 752" 3137 89

7047 7527 2727 8417 84

668" 665" 318" 7707 7147 9

7397 7207 3187 8297 855" 786 95

2167 2117 3557 2647 2647 3017 302" 87
2127 2407 3237 3027 2927 3097 3337 2057 87

Note. T1=Time 1. T2=Time 2.

* p <.01. Correlation coefficient (r) values below 0.3 are small, 0.3-0.7 are moderate, >0.7 are large (Cohen, 1992).

Internal consistency reliability (Cronbach a) is displayed on the diagonal line. As there is only one item for health knowledge of each preventive behavior, reliability of
health knowledge is not available and presented as“/".

hand washing, f = .216, p < .001; planning to hand wash-
ing, p = .161, p= .035; action control to hand washing,
B = .187, p = .043). Furthermore, subjective norm was
the strongest predictor of intention compared to Moti-
vational SE, attitude, and health knowledge. Volitional
SE was the strongest predictor of planning compared to

intention. Planning was the strongest predictor of action
control compared to intention and Volitional SE. Health
knowledge was the strongest predictor of hand washing
compared to planning and action control. In addition,
only three hypothesized relationships were nonsignifi-
cant (risk perception to intention, p = -.003, p = .890;
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Table 4 Fit indices of the Integrated Social Cognition Model regarding all three preventive behaviors with and without past behaviors

Model of Behavior Degree of Chi-square CFI TLI SRMR RMSEA RMSEA 90% ClI
freedom
1. Hand washing 14 4280 991 978 021 060 039-.081
2. Hand washing (past behavior included) 14 3957 992 978 017 056 035-.078
3. Mask wearing 14 40.18™ 991 980 014 062 042 - 084
4. Mask wearing (past behavior included) 14 4577 991 977 013 063 043 - 084
5. Social distancing 14 39.12™ 992 981 015 059 038-.081
6. Social distancing (past behavior included) 14 3288" 9% 983 012 051 028- 074

CFI Comparative Fit Index, TLI Tucker-Lewis Index, SRMR Standardized Root Mean Square Residual, RMSEA Root Mean Square Error of Approximation, C/ Confidence

Interval

For CFl and TLI, values >.90 indicating acceptable model fit, values >.95 indicating good model fit; For SRMR and RMSEA, values with .08 or less indicating acceptable

model fit, values with .05 or less indicating good model fit. ** p < .01; *** p <.001

intention to hand washing, p = -.074, p = .352; Volitional
SE to hand washing, p = -.033, p = .653). For the indirect
effects, 3 out of 11 hypothesized mediating relationships
were supported. Specifically, planning significantly medi-
ated between Volitional SE and hand washing (f = .109,
p = .042), action control significantly mediated between
Volitional SE and hand washing (p = .056, p = .047) as
well as between planning and hand washing (p = .087, p
= .044) respectively. In addition, action control showed a
mediating role at the marginal effects between intention
and hand washing (p = .042, p = .054).

When past behavior of hand washing was included
in the model, significant effects of past behavior on all
model constructs and hand washing at T2 were observed
except on intention (f = .041, p = .096), Volitional SE
(B = .001,p = .960) and action control (p = -.009, p =
.687) (see Fig. 2). Inclusion of past behavior in the model
increased the variance explained in hand washing behav-
ior with a medium effect size (R*> = .196, £ = .24) but
led to an attenuation of the structural relations. Specifi-
cally, the effect of planning on behavior became nonsig-
nificant (p = .111, p = .141). In addition, among another
12 significant effects, eight reduced (Motivational SE to
Volitional SE, Motivational SE to intention, attitude to
intention, subjective norm to intention, health knowledge
to intention, intention to planning, health knowledge to
hand washing, Volitional SE to planning) and four slightly
increased (see Fig. 2). A full breakdown of estimates on
the integrated model of hand washing with and without
past behavior, including direct, indirect and total effects
is presented in supplementary Appendix B.

For mask wearing, standardized parameter estimates
for the hypothesized structural relations of the inte-
grated model excluding past behavior are presented in
Fig. 3. The social cognition constructs explained 8.4%
variance of mask wearing with a small effect size (R* =
.084, £ = .092). For the direct effects, significant relation-
ships appeared in 9 out of 16 hypothesized associations

(Motivational SE to intention, p = .563, p < .001; attitude
to intention, p = .147, p < .001; subjective norm to inten-
tion, B = .203, p < .001; Motivational SE to Volitional SE,
= .881, p < .001; intention to planning, p = .393 , p <
.001; intention to action control, p = .262, p < .001; plan-
ning to action control, p = .445, p < .001; Volitional SE
to action control, p = .307, p < .001; health knowledge to
mask wearing, f = .182, p < .001). Furthermore, Motiva-
tional SE was the strongest predictor of intention com-
pared to attitude and subjective norm. Intention was the
only predictor of planning. Planning was the strongest
predictor of action control compared to Volitional SE and
intention. Health knowledge was the only predictor of
mask wearing. In addition, seven hypothesized relation-
ships were nonsignificant (risk perception to intention,
B = .029, p = .232; health knowledge to intention, p =
-.001, p = .972; Volitional SE to planning, f = .045, p =
.308; intention to mask wearing, = .099, p = .287; plan-
ning to mask wearing, f = .054, p = .596; Action con-
trol to Mask Wearing, = .134, p = .252; Volitional SE
to mask wearing, p = -.126, p = .109). For the indirect
effects, none of the hypothesized mediating relationships
for mask wearing were supported.

When past behavior of mask wearing was included
in the model, significant effects of past behavior on all
model constructs and hand washing at T2 were observed
except on intention (f = .010, p = .669), Volitional SE (p
= -.005, p = .837) and planning (p = -.016, p = .471) (see
Fig. 3). Inclusion of past behavior in the model increased
the variance explained in mask wearing behavior with a
medium effect size (R> = .136, £/ = .157) but led to an
attenuation of the structural relations. Specifically,
among nine significant effects, four reduced (Motiva-
tional SE to intention, health knowledge to behavior, Voli-
tional SE to action control, planning to action control),
three unchanged (attitude to intention; intention to plan-
ning, and intention to action control) and two slightly
increased (Motivational SE to Volitional SE, subjective
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Motivational
self-efficacy

Volitional
self-efficacy

Risk
perception

Hand washing
behavior at T2
R?=.148

Action
control

Subjective
norm

Health
knowledge

Volitional
self-efficacy

Motivational
self-efficacy

Risk
perception

-.060

Hand washing
behavior at T2
R2=.196

Intention

Subjective
norm

| Action
control

Health
knowledge

Hand washing
behavior at T1

Fig. 2 Standardized parameter estimates of the Integrated Social Cognition Model regarding hand washing behavior. Note. The upper panel
presents the model excluding past behavior and the lower panel presents the model including past behavior. * p < .05; ** p < .01; *** p < .001

norm to intention) (see Fig. 3). A full breakdown of esti-  relationships appeared in 9 out of 16 hypothesized asso-
mates on the integrated model of mask wearing with and  ciations (Motivational SE to intention, f = .639, p < .001;
without past behavior, including direct, indirect and total ~ Attitude to Intention, p = .158, p < .001; subjective norm
effects is presented in supplementary Appendix C. to intention, B = .093, p = .009; Motivational SE to Voli-

For social distancing, standardized parameter esti- tional SE, p = .894, p < .001; Volitional SE to planning,
mates for the hypothesized structural relations of the [ = .801, p < .001; planning to action control, p = .401,
integrated model excluding past behavior are presented p < .001; Volitional SE to action control, p = .720, p <
in Fig. 4. The social cognition constructs explained 16% .001; health knowledge to social distancing, p = .236, p
variance of social distancing with a medium effect size < .001; action control to social distancing, = .179, p =
(R* = .160, f* = .190). For the direct effects, significant .049). Furthermore, Motivational SE was the strongest
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Fig. 3 Standardized parameter estimates of the Integrated Social Cognition Model regarding mask wearing behavior. Note. The upper panel
presents the model excluding past behavior and the lower panel presents the model including past behavior. * p < .05; ** p < .01; *** p < .001

predictor of intention compared to attitude and subjec-  intention to action control, f = -.084, p = .136; planning
tive norm. Volitional SE was the only predictor of plan-  to social distancing, f = .076, p = .278; Volitional SE to
ning. Volitional SE was the strongest predictor of action  social distancing, f = .009, p = .915; intention to social
control compared to planning. Health knowledge was  distancing, p = .015, p = .861). For the indirect effects,
the strongest predictor of social distancing compared to  none of the hypothesized mediating relationships were
action control. In addition, seven hypothesized relation-  supported. Notably, there were marginally significant
ships were nonsignificant (health knowledge to inten-  indirect effects of Volitional SE (B = .13, p = .051) and
tion, B = .022, p = .304; risk perception to intention, =  planning (B = .08, p = .053) on social distancing medi-
.042, p = .091; intention to planning, f =.099, p = .214;  ated by action control.
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Fig. 4 Standardized parameter estimates of the Integrated Social Cognition Model regarding social distancing behavior. Note. The upper panel
presents the model excluding past behavior and the lower panel presents the model including past behavior. * p <.05; ** p < .01; *** p < .001

When past behavior of social distancing was included relations. Specifically, the effect of action control on
in the model, significant effects of past behavior on behavior became nonsignificant (f = .158, p = .079). In
all model constructs and social distancing at T2 were addition, among the other eight significant effects, four
observed except on intention (p = -.001, p = .964), Voli-  reduced (subjective norm to intention, Volitional SE to
tional SE (p =- .008, p = .710) and action control (3 = planning, planning to action control, health knowledge to
.016, p = .481) (see Fig. 4). Inclusion of past behavior in  social distancing), one unchanged (attitude to intention)
the model increased the variance explained in social dis- and three slightly increased (Motivational SE to Voli-
tancing behavior with a medium effect size (R* =.183, tional SE, Motivational SE to intention, Volitional SE to
f* = .224) but led to an attenuation of the structural action control) (see Fig. 4). A full breakdown of estimates
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on the integrated model of social distancing with and
without past behavior, including direct, indirect and total
effects is presented in supplementary Appendix D.

Discussion
Main findings
This two-wave prospective study aimed to identify the
determinants of three preventive behaviors (hand wash-
ing, mask wearing, and social distancing) of older adults
in the context of COVID-19, through the application of
an integrated social cognition model. Results indicated
that the hypothesized model generally had acceptable
predictability regarding all three preventive behaviors.
Among the 16 hypothesized direct paths for each preven-
tive behavior, seven paths (attitude, Motivational SE and
subjective norm to intention respectively; Motivational
SE to Volitional SE; planning and Volitional SE to action
control respectively; health knowledge to behavior) were
significant in models for all three preventive behaviors.
While three paths (risk perception to intention; inten-
tion to behavior; and Volitional SE to behavior) were
not significant in any of the three models. The other six
paths were statistically significant in one or two mod-
els of preventive behaviors. The findings partially sup-
ported hypothesis 1. For the mediation effects, action
control was revealed as a mediator for the relationship
between Volitional SE and hand washing, as well as for
the relationship between planning and hand washing.
Such mediating roles of action control also appeared in
the model of social distancing behavior but with marginal
effects. The findings partially supported hypothesis 2. In
addition, all three preventive behaviors could be signifi-
cantly predicted by past behaviors. The inclusion of past
behaviors in three models attenuated most of the struc-
tural relations, which partially supported hypothesis 3.
Notably, paths of motivational self-efficacy and subjec-
tive norm to intention, volitional self-efficacy to plan-
ning, planning to action control had medium to strong
relationships in all three models. These findings were
partially consistent with recent studies on the preventive
behaviors in other age groups [53]. Paths directly from
health knowledge to all three preventive behaviors appear
to be significant. Such findings can also be referred in
previous studies among adults and adolescents [54—56].
The results emphasized the importance of health knowl-
edge about how and in what situations to enact preven-
tive behaviors when facilitating older adults to perform
preventive behaviors. In contrast to earlier findings [10,
14], no significant direct associations from intention to
each of preventive behaviors were detected in this study.
This may be because the measurements of intention are
different among studies.
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When focusing on hand washing behavior, it was found
that health knowledge, planning and action control was
directly associated with hand washing behavior. Besides,
it was also shown that action control served as mediators
between planning and hand washing as well as between
volitional self-efficacy and hand washing. However, the
intention-involved direct and indirect relationships to
hand washing behavior were all nonsignificant. The
results above imply the importance of health knowledge
education in facilitating hand washing behavior among
older adults. In addition, such behavior enactment
required more self-regulatory process (accurate planning
and rigorous action control) than merely sufficient inten-
tion. Previous studies also highlight the importance of
self-regulation on behavior enactment and maintenance
in the context of COVID-19 prevention [57], thus future
interventions might focus more on educating older adults
how to appropriately make plans and monitor themselves
in complying with hand washing behavior during the
COVID-19 pandemic.

Regarding mask wearing behavior, there was only one
direct significant path from health knowledge to behav-
ior. Such a direct relationship is consistent with other
studies and suggests that knowledge instruction is very
useful in promoting mask wearing behavior under pan-
demic situations [54, 55].

As to social distancing behavior, it was found that
health knowledge was significantly associated with
social distancing behavior. This relationship agrees with
a recent study on British young adults [58]. Importantly,
action control also showed direct relationships with
social distancing whereas the association disappeared
with the inclusion of past behavior. The finding implies
that future interventions need to educate older adults
how to keep constant awareness on keeping social dis-
tancing. For those who do not have stable behavioral hab-
its, it is still crucial to take efforts and self-monitor social
distancing in public areas (e.g., staying out of crowded
places or mass gatherings when in public, maintaining at
least 1-meter distance between self and other people who
were coughing or sneezing) [31].

It is worth noting that the three preventive behav-
iors differed prominently in the relationship with sev-
eral modifiable factors in our study. For example, action
control only predicted handwashing but not facemask
wearing and social distancing. The potential reason for
this might be that the enactment of preventive behav-
iors is influenced by both internal (e.g., self-efficacy,
planning, self-monitoring) and external sources (e.g.,
cue-to-action, policy and social environment) [25, 59,
60]. For facemask wearing and social distancing which
have to be performed compulsorily in the public areas in
China [61], the external sources (i.e., government policy)
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might outweigh the internal sources (i.e., action control),
thereby suppress the prediction of internal sources for
the behavioral execution. Nevertheless, this assumption
has not been systematically examined in this study and
deserves further research.

The unique findings of the current paper imply that
more community-based workshops and campaigns can
be organized to enrich the health knowledge of three
preventive behaviors in older adults. In addition, sev-
eral behavioral change techniques (e.g., self-monitoring,
planning) can be applied to enhance the maintenance
of handwashing behavior [62]. This is also necessary for
facemask wearing and social distancing especially now
the compulsory policy has been released. Strategies to
promote the formation of behavioral habits (e.g., add-
ing more social cues) should also be considered in future
interventions promoting preventive behaviors in older
adults [63].

Strengths and limitations

To the best of our knowledge, this is the first prospective
study using an online survey to identify the determinants
of all three individual preventive behaviors among older
adults during the COVID-19 pandemic. There are two
major strengths of the present study. The first strength
relates to study design and methodology. We adopted the
prospective design with a relatively large sample size. By
using the statistical method of SEM, the social-cognition
constructs of the preventive behavior of COVID-19 were
revealed. The second strength lies to the rareness of our
sample. The sample of older adults was extremely diffi-
cult to reach using an online survey. We investigated Chi-
nese older adults in Hubei Province, which was the most
severe region during the COVID-19 outbreak in China
during implementation of our research. By exploiting the
personal relationship of all the authors and obtaining the
support of officers from the local communities, first-hand
data was collected. We believe that our study can offer
valuable understanding and explanation of COVID-19
preventive behaviors among older adults. The research
findings can inform interventions which aim at promot-
ing the enactment of older adults’ preventive behaviors
during the COVID-19 and future pandemics.

The limitations of the current study should also be
mentioned. First, since the sampling was not based
on a random approach, the representativeness of par-
ticipants is questionable. Second, all the variables
were measured by self-reported scales which might
lead to recall bias and social desirability effects. Third,
although it is most efficient and cost-effective to con-
duct the survey via an online platform under these spe-
cial circumstances and while several strategies were
adopted to ensure the retention rate, there was still a
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22.6% participant drop out at T2. Fourth, it should
be noted that the model explanations on variance of
preventive behaviors were relatively low (8.4%-16%
excluding past behaviors; 13.6%-18.3% including past
behaviors). More social cognition constructs such as
habit need to be explored in future research among
older adults [10]. Fifth, the adjusted approach was not
used in the current study to control for the Type-I error
when reporting correlations and different model paths.
This issue should be addressed and deserves further
discussion in the future [64, 65]. Finally, the influence
of demographic variables on the predictive model for
three types of preventive behaviors was not examined
in the current study. Future research should explore
this area further.

Conclusions

The current study identified key modifiable determinants
of three preventive behaviors in a sample of Chinese
older adults based on integrated social cognition models
during the COVID-19 pandemic. The findings provide
acceptable support for the proposed model, highlight-
ing the importance of social cognitive constructs such as
health knowledge and action control in predicting behav-
ior. Findings suggest that future interventions should
enhance health knowledge and strengthen the capabil-
ity of action control in facilitating preventive behaviors
among older adults.
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